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ABSTRACT

LAW, JOHN H. (Harvard University, Cam-
bridge, Mass.) AND RALPiH A. SPLEPECKY. Assay
of poly-,B-hydroxybutyric acid. J. Bacteriol.
82:33-36. 1961-A convenient spectrophoto-
metric assay of bacterial poly-,B-hydroxybutyric
acid has been devised. Quantitative conversion
of poly-,B-hydroxybutyric acid to crotonic acid
by heating in concentrated sulfuric acid and
determination of the ultraviolet absorption of
the produce permits an accurate determination
of this material in quantities down to 5,ug. This
method has been used to follow the production
of poly-f3-hydroxybutyric acid by Bacillus
megaterium strain KM.

Recent reports concerning the widespread oc-
currence of poly-/-hydroxybutyric acid (Forsyth,
Haward, and Roberts, 1958; Haward, Forsyth,
and Roberts, 1959; Haward, 1959; Morris and
Roberts, 1959; Levine and Wolochow, 1960;
Kallio and Harrington, 1960) and of its metabolic
significance (Weibull, 1953; Doudoroff and
Stanier, 1959; Stanier et al., 1959; Wilkinson,
1959) have stimulated a renewed interest in this
substance, first described many years ago by
Lemoigne (1926). In the course of metabolic in-
vestigations of this substance a convenient and
reliable spectrophotometric assay for poly-f3-
hydroxybutyric acid has been developed
(Slepecky and Law, 1960a). Because it is ex-
pected that this assay will prove useful in further
experiments with this material, the details of the
procedure will be discussed.
A common method for estimating poly-,B-hy-

droxybutyric acid is a gravimetric procedure
based upon the fact that this polymer is soluble
only in boiling chloroform, so that all contami-
nants may be removed by extraction with other
solvents (Lemoigne, 1926). This method, of
course, requires that milligrams of polymer be
present for a convenient determination. Fur-
thermore, it will be shown that this method does
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not give a precise measure of poly-,f-hydroxy-
butyric acid unless the polymer can be reprecipi-
tated quantitatively.
A more sensitive method has been devised by-

Williamson and Wilkinson (1958). In this pro-
cedure the turbidity of the lipid granules is
measured subsequent to complete dissolution of
the cells in a sodium hypochlorite solution. The
method is standardized by comparison to the
gravimetric method. It suffers from the need for
careful standardization for each organism studied
and from the fact that only polymer in the native
lipid granules can be measured.
The method described here is a simple and

specific one that can be used to measure poly-
fl-hydroxybutyrate in any form. The principle
of this method lies in two observations: first,
that poly-,B-hydroxybutyrate can be converted
quantitatively to crotonic acid by heating in
concentrated sulfuric acid, and second, that the
ultraviolet absorption maximum of crotonic
acid is shifted to 235 m,u when concentrated sul-
furic acid is the solvent (Slepecky and Law,
1960a).

MATERIALS AND METHODS

Reagent grade solvents and sulfuric acid were
used in all experiments. Ultraviolet absorption
measurements were made in a spectrophotometer
using standard silica cells.

Bacillus megaterium strain KM was grown in
a Biogen (American Sterilizer Company, Erie,
Pa.) using the medium of Macrae and Wilkinson
(1958). Forty liters of medium yielded 543 g
wet weight, of cells. The polymer granules were
isolated from 100 g wet weight of cells by the
method of Williamson and Wilkinson (1958).
The granules were washed thoroughly with ace-
tone, alcohol, and ether. The residue was dried
and the polymer was extracted into boiling
chloroform. After filtration through a Celite
pad, the polymer was reprecipitated by addition
of the chloroform solution to 5 volumes of acetone
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and cooling to -20 C. The yield of material was
14.2 g, mp 173.5 to 175.5 C.
Analysis of polymer:

C41H602
Calculated: C 55.80, H 7.03
Found: C 55.01, H 7.67

This material was used as a standard for the
poly-3-hydroxybutyric acid assay.
For the assay of polymer in small quantities of

cells, the organisms were centrifuged in poly-
propylene centrifuge tubes (Ivan Sorvall, Inc.,
Norwalk, Conn.; no. 254) which had been pre-
viously washed thoroughly with ethanol and
hot chloroform to remove plasticizers. The cell
paste was resuspended in a volume of commercial
sodium hypochlorite solution (Clorox or equiva-
lent) equal to the original volume of medium.
After 1 hr at 37 C the lipid granules were centri-
fuged, washed with water, and then washed with
acetone and alcohol. Finally, the polymer was
dissolved by extraction with three small portions
of boiling chloroform, the chloroform solution
was filtered, and the filtrate was used for poly-
f-hydroxybutyrate assay. In cases where con-
siderable polymer was present the acetone and
alcohol washings were unnecessary, but they
served to remove water which interferes with the
extraction of the polymer into chloroform.

For the spectrophotometric assay of polymer,
a sample containing 5 to 50,ug polymer in chloro-
form is transferred to a clean test tube. The
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FIG. 1. Relationship between poly-j3-hydroxy-
butyric acid concentration and absorbance at 288 m,.
Samples of poly-,3-hydroxybutyric acid were heated
in concentrated H2SO4 for 10 min before absorbance
was measured.

chloroform is evaporated and 10 ml of concen-
trated HS104 are added, the tube is capped with
a glass marble and heated for 10 min at 100 C
in a water bath. The solution is cooled, and,
after thorough mixing, a sample is transferred
to a silica cuvette and the absorbance at 235 m,u
is measured against a sulfuric acid blank. The
amount of crotonic acid is calculated from the
molar extinction coefficient, which is 1.55 X 101
(Slepecky and Law, 1960b).

RESULTS

Figure 1 shows the linear relationship between
polymer concentration and absorbance at 235
m,u. This determination was made with the
purified polymer sample described above. The
slope of this curve may be used to calculate a
molar extinction coefficient of 1.56 X 104 (using
a molecular weight of 186 for the "depoly-
merized" poly-,B-hydroxybutyric acid) which
agrees, within experimental error, with that of
crotonic acid (Slepecky and Law, 1960b).
To compare this method of polymer assay with

the widely employed gravimetric method, the
growth of a culture of B. megaterium was fol-
lowed by withdrawal of 50-ml samples (12 liters,
total culture volume) for assay of polymer by
both methods. The results of this experiment are
shown in Fig. 2.

DlSCUSSION

The assay method for poly-,3-hydroxybutyric
acid has been used to estimate polymer extracted
from various organisms and under a variety of
conditions (Slepecky and Law, 1960a). It has
proved reliable and convenient in all instances.
Certain materials, notably carbohydrates, cause
some interference with this assay (Slepecky and
Law, 1960b). In addition, with some cells which
do not contain polymer, an insoluble material is
obtained after hypochlorite treatment which
contains an interfering substance. This material
gives a spectrum in sulfuric acid quite different
from the typical crotonate spectrum (Fig. 3).
The nature of this material is not known. How-
ever, it is important to check carefully the entire
spectrum from 220 to 260 m, when using this
assay method with an unknown sample.
The comparison of the gravimetric assay

method with the spectrophotometric method for
determination of poly-,B-hydroxybutyric acid in
crude samples reveals that the former gives values
about 10% higher than the latter. This is prob-
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FIG. 2. Poly-13-hydroxybutyric acid formation by Bacillus megaterium strain KM. A -i\, Growth;
0 0, gravimetric polymer assay; A-A, spectrophotometric polymer assay. Medium of Macrae and
Wilkinson (1958).

LUS
u

z 0.2
4

0° 0.1

4

WAVE LENGTH, mpi

FIG. 3. Spectra of crotonic acid and of an un-

known interfering substance. Upper curve-poly-
fl-hydroxybutyric acid after heating in concentrated
H2S04. Lower curve-interfering substance ex-

tracted from cells of Bacillus megaterium lacking
poly-,i-hydroxybutyric acid, after heating in con-

centrated H2JS04.

ably due to chloroform-soluble impurities in the
crude polymer which were not removed by
acetone and alcohol washing of the native lipid
particles. Reprecipitated polymer, on the other
hand, gives the theoretical amount of crotonic
acid on sulfuric acid treatment.
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